Abstract. The aim of this study is to investigate stress wave propagation in metal foams under high-speed impact loading. Threedimensional Voronoi model is established to represent real closed-cell foam. Based on the one-dimensional stress wave theory and Voronoi model, a numerical model is developed to calculate the velocity of elastic wave and shock wave in metal foam. The effects of impact velocity and relative density of metal foam on the stress wave propagation in metal foams are explored respectively. The results show that both elastic wave and shock wave propagate faster in metal foams with larger relative density; with increasing the impact velocity, the shock wave propagation velocity increase, but the elastic wave propagation is not sensitive to the impact velocity.
Introduction
Metal foam is one kind of ideal lightweight energyabsorbing material, which can both bear great deformation and maintain relatively constant stress level under compression loading. It has been widely applied in various engineering fields, especially under impact environment [1, 2] . Therefore, it is particularly important to study the dynamic characteristics under high-speed impact.
Research in dynamic mechanical behaviour of metal foams mainly includes three aspects, namely, the strain rate effect of base material, the inertia effect and the stress wave propagation in foams. The existing study pay much attention to the former two aspects. Some researchers point that the dynamic stress enhancement in metal foams under dynamic impact is mainly caused by inertia effect, other than strain rate effect of base material [3, 4] , however, some other researchers hold the opposite point [5, 6] . As for the stress wave propagation, some idealized stress strain models, such as RPPL, RLHPL, EPPL etc. [7] [8] [9] are proposed to describe the stress wave propagation in metal foams. However, the existing research is limited in the study of stress wave propagation velocity, due to the limitation of test methods. In this paper, a numerical model will be developed to calculate the propagation velocity of stress wave. 
Numerical modelling
in which ρ * is the density of foam, ρ s is the density of base material, A i is the area of the cell wall and V is the total volume of foam model. n is the number of cell wall and t is the cell wall thickness.
The foam model is set between two rigid plates, and the top plate moving towards the supporting plate at a prescribe velocity, as shown in Fig. 1 . The dynamic compression process is implemented using commercialized software LS-DYNA.
Results and discussion

Elastic wave propagation
Under high-speed impact, elastic wave firstly forms in the metal foam and propagates from the impact side to the support side making the entire mental foam at the state of elastic deformation. Since the propagation of elastic wave costs some time to get through the metal foam, there exist time delay ( t e ) between the stress curves at the impact side and the support side, as is shown in Fig. 3 where the prescribed impact velocity is 200m/s and the relative density is 0.1. Through dividing the length (l) of the metal foam by the time delay, the propagation velocity of elastic wave in metal foams with a given relative density under certain impact velocity can be obtained as is shown in Fig. 3 . It is found that the elastic wave propagation velocity increase with the relative density become larger, but the effect of impact velocity on the propagation velocity of elastic wave is not obvious.
Shock wave propagation
When the impact load is large enough, the plastic collapse occurred , the deformation is localized and forms a narrow band, called a "shock front". The shock wave propagates from the impact side to the support side. According to onedimensional stress wave theory, ahead of the shock front, metal foam is assumed to be at rest, and behind the shock front, metal foam is fully compacted. When the shock wave reaches to the support side, the shock wave will be reflected and the metal foam is compressed again.
Calculation model of shock wave propagation velocity
When the metal foam is compressed at a constant impact velocity, two layers (S1 and S2) of metal foam with the same layer width are chosen to be the object of study, as is shown in Fig. 4 . Figure 5 shows the total kinetic energy vs. time curve of S1 and S2 respectively. According to the analysis above, during the shock front pass through the foam layer S1 and S2, the material particles in S1 and S2 will experience three stages: before the shock front reaches, the layer of foam will be at rest and its total kinetic energy is zero; when the shock front is passing through, the particles are speed up from zero to a certain value and their total kinetic energy will experience a rise; when the shock leaves the layer, all particles in the layer have gained a certain velocity and their total kinetic energy will keep platform. By recording the time delay between S1 and S2, the shock wave propagation velocity in metal foams can be 04036-p.2 obtained as:
Where d is the distance between S1 and S2, and t s is the time for shock wave propagates from S1 to S2 which can be obtained from Fig. 5 . It can be seen from Fig. 5 that the kinetic energy curve alternately rising and falling, this is because when the shock wave arrives at the support side, surface reflection occurs and the metal foam undergo secondary compression process, in this paper, only the first order shock wave is discussed. Figure 6 shows the shock wave propagation velocity vs. impact velocity curves for four different relative density metal foams, where the shock wave propagation velocity is calculated by Eq. (3). The diagram results show that the shock wave is dependent on the impact velocity and the density of the metal foam; with the increase of impact velocity the shock wave propagates faster in metal foam; for a given impact velocity, the shock wave propagates faster in metal foams with larger relative density.
Investigation into shock wave propagation velocity
Summary
Based on the one-dimensional stress wave theory and Voronoi model, a numerical model is developed investigate the stress wave propagation in metal foams. It is found that both elastic wave and shock wave propagate faster in metal foams with larger relative density; with increasing the impact velocity, the shock wave propagation velocity increase, but the elastic wave propagation is not sensitive to the impact velocity.
